The reaction of transmethylation plays an important role in the immune system. Some kinds of sulfonium compounds, which have a labile methyl group, are considered to become the supply source for methyl groups in biological systems. We examined the physicochemical properties of sulfonium compounds from the point of structure activity relationships analysis in order to develop an antiallergy drug. We found that several sulfonium compounds have immunological activity, and 2-hydroxyethyldimethylsulfonium p-toluenesulfonate (4) was chosen as the lead compound for further studies.
Introduction
Suplatast tosilate (1, IPD-1151T) (Chart1) was launched as an agent for the treatment of bronchial asthma, atopic dermatitis, and allergic rhinitis in 1995 in Japan [1] . This drug decreased the levels of some immune system associated substances such as Interleukin-4 (IL-4), eosinophils, and Immunoglobulin E (IgE) [2] . Because type I allergic reactions are caused by IgE, a drug that can specifically inhibit IgE antibody formation, is expected to be efficacious for the fundamental treatment of type I allergic diseases. Suplatast tosilate is classified as a Th2 cytokine inhibitor and is widely used for the treatment of allergic diseases [3] . When we started this study, the details of the molecular mechanism and the target molecule of this drug were not clarified. Therefore, we had to developed Suplatast tosilate on the basis of only the physicochemical information and in vivo data of compounds.
The transmethylation reaction plays an important role in the expression and adjustment of the cell function and lymphocyte activation in the immune system [4] [5] [6] . On the other hand, methylmethioninesulfonium chloride (2a) (Chart 1) [7] , which has a labile methyl group, is able to become the supply source of methyl groups in biological systems. Furthermore, when compound 2a was given to guinea pigs, it appeared to increase the formation of antibodies to allergens from horse serum [8] . Therefore, we expected sulfonium compounds to have some immunological activities and examined several kinds of dimethyl sulfonium compounds (Table 4) . Furthermore, some physicochemical properties of sulfonium compounds were measured and a quantitative structure-activity relationship (QSAR) analysis was carried out in order to find a lead compound. Chart 1
Synthesis of Sulfonium Compounds
Sulfonium p-toluenesulfonates (Table 4) were prepared from the corresponding sulfides by methylation with methyl p-toluenesulfonate [9] . Dimethyl-2-(2-tetrahydrofuryl)ethylsulfonium chloride (11a) was synthesized from methyl 2-(2-tetrahydrofuryl)ethyl sulfide with methyl iodide and AgCl [10] . Other sulfonium chlorides (2a, 9a), and perchlorate (9b) were prepared according to the references [11.12] .
Results and Discussion

Selection of Counter Anion of Sulfonium Compound
In sulfonium compounds that have the general structure: R 1 R 2 R 3 S + X -, sulfur is formally trivalent and bears a positive charge. Trimethyl sulfonium 9a c are fundamental sulfonium compounds [13] , which are ionic and show high solubility not only in water, but also in organic solvent . Sulfonium compounds dissociate into ions and the sulfonium cation forms ion pairs with counter anion [14] . The association constants (K) and lipophilicity of ion pairs are important for absorption of sulfonium compounds. The association constants in water increased in the following order: Cl < ClO 4 < TsO in trimethyl sulfonium compounds 9a c ( Sulfonium compounds have very low oil/water partition coefficients (logP = ca. 2.0), making it difficult to determine them accurately. Therefore, we measured the transport rate of sulfonium chloride and p-toluenesulfonate in the liquid membrane of 1,2-dichloroethane [15] . Dimethyl-2-(2-tetrahydrofuryl)ethylsulfonium compounds (11a,b), which have the moderate hydrophobic substituent (π calcd = 0.79), were selected and their transport rates (k) were determined: the value are as followes: Cl(11a) < TsO (11b) ( Table 2 ). The chloride anion is general for the drugs, but sulfonium chloride (11a) had a low transport rate. On the other hand, the association constant and the rate of transport of sulfonium p-toluenesulfonate 11b were about 3 times and 100 times that of chloride 11a, respectively. The rate of transport of 11b decreased slightly (k = 2.83) in amounts equimolar with NaCl, Therefore, compound 11b was considered to be absorbed in the form of sulfonium p-toluenesulfonate.
Compound 11b was administered orally to rats and its plasma levels were measured. The maximum concentration (Cmax) and area under the curve (AUC) of compound 11b at dose of 100 and 400 mg/kg, were Cmax; 2.92 µg/mL, AUC; 16.01 µg.hr/mL and Cmax; 9.69 µg/mL, AUC; 52.57 µg.hr/mlL, respectively (Table 3) . Compound 11b was absorbed fairly well after oral administration. Consequently, we selected the p-toluenesulfonate anion as the counter anion of sulfonium compounds for further studies. 
Immunological Activity and Toxicity of Dimethylsulfonium Compounds
We examined the effects of several kinds of sulfonium compounds on antibody formation in mice in order to find immunological active compounds. Methylmethioninesulfonium p-toluenesulfonate (2b) increased slightly the productions of IgM and IgG hemolytic plaque forming cells (HPFC) in mice immunized with sheep red blood cells (SRBC) [16] , when the compound 2b was given intraperitoneally.
We regarded dimethylsulfonio moiety as an indispensable group for immunological activity and synthesized dimethylsulfonium p-toluenesulfonate derivatives on the basis of the hydrophobicity of the substituents. The substituents constants (π calcd ) were calculated by ClogP [17] , and we selected the substituents that have a wide range of π calcd values. The aminocarboxypropyl moiety of compound 2b has minimum π calcd (-3.33) and adamantylethyl moiety of compound 14 has maximum π calcd (3.26).
The LD 50 (ip) of all compounds in mice was determined as an indication of toxicity, and the maximum dose of the HPFC test was evaluated ca. 1/10 of LD 50 (Table 4) . Methylmethioninesulfonium p-toluenesulfonate (2b) was nontoxic (LD 50 >5000mg/kg), whereas compound 14 was most toxic, and there was a correlation between log(1/ LD 50 ) and π calcd in these 12 compounds, except for compound 2b (eq 1). In this equation, n is number of compounds, r is the correlation coefficient, s is the standard deviation, and F is the F value. This eq 1 shows that the hydrophilic substituent is desirable for toxicity. (Figure 1 (4) ( 0.348) According to eq 3, the more hydrophilic substituents were desirable for HPFC production, whereby compound 2a was the most active among the 11 compounds; however, HPFC(T/C) / 10 6 cells of 2a was smaller than the predicted value (1.57) by eq 3. Therefore, we obtained eq 5 by using the term of π calcd 2 and estimated that the optimum π value is 2.71 and the maximum HPFC(T/C) /10 6 cells is 1.57. Therefore, we concluded that 2a is an almost optimum compound, and it would be difficult to obtain a more active compound than 2a among these kinds of derivatives. 
2-Hydroxyethyldimethylsulfonium p-toluenesulfonate (4) increased the production of HPFC very strongly, but the methyl ester derivative (7) exhibited weak activity. On the other hand, compounds 4 and 7 were included in eq 1 and had the same degree of toxicity. Therefore, we recognized that compound 4 was the out of layer and the hydroxy substituent was conceivable as an important substituent for immunological activity. In conclusion, we decided that compound 4 is one of the lead compounds for the development of an antiallergy drug. 
Experimental
Synthesis of Sulfonium Compounds
Melting points were determined with a Yanagimoto MP-3 micro melting point apparatus and are uncorrected. 
Measurement of Association Constants of Sulfonium compound
The electric conductivity of the water solution of sulfonium compound ( 0.3mM~3.0mM) was determined at 25 ˚C by the use of a conduct meter, CM-30ET from Toa Electronics Ltd. The value of association constant ( K=1/Ks) was determined the following equation. , where α is the Onsager coefficient. 1/ΛS is found to be linear against CΛSf 2 at low concentration, and Λ ∞ and Ks are obtained from the intercept and the slope.
Transport of Sulfonium Compounds through Organic Liquid Membranes
The rate of transport of sulfonium compounds was determined through 1,2-dicholoroethan bulk liquid membranes between two aqueous phases. Sulfonium compound was dissolved in one aqueous phase (50mM) and the concentration of the other aqueous phase in 24hrs. The rates of transport are obtained from the linear part of the plots (13~22 hr).
Antibody Production
IgG and IgM antibodys production in mice were examined by counting the hemolytic plaque forming cells (HPFC) in spleen by the method of Cunningham.
